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ABSTRACT 

The present invention relates to a sewage treatment method by irradiating an electron 
beam and adding ozone. According to the sewage treatment method, an electron 
beam is irradiated under the condition that ozone is added to sewage containing an 
organic material that is not likely to be decomposed so as to remove the organic 
material in the sewage. The sewage treatment method includes irradiating an electron 
beam generated from an electron beam accelerator while generating bubbles in sewage 
containing an organic material by adding ozone and a bubbling gas to the sewage to 
thereby oxidize or change the organic material in the sewage, and precipitating the 
oxidized or changed organic material and removing the precipitated organic material. 
Preferably, the sewage treatment method further includes injecting a metal-salt 
coagulant adsorbing the organic material before or after irradiating the electron beam, 
and injecting a polymer coagulant after irradiating the electron beam, the polymer 
coagulant providing a fast precipitation rate by coagulating the organic material 
adsorbed onto the metal-salt coagulant. As compared with the conventional sewage 
treatment method, the sewage treatment method according to the present invention 
allows removing an organic material contained in sewage with high efficiency even 
with using a low irradiation level of electron beam and a small amount of ozone. As 
a result, the sewage treatment method can satisfy a required water quality standard in 
chemical oxygen demand (COD) of about 30 ppm or less. 
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(54) 2.^ Sj7|-0|| S|g1 E||^£| gj-S 



fcJ**Hg tM-h-§!o| m-ffS fll 4=011 £$i McH y-g gx^Jf ^A^f-oi e]|^#°| *l|7-m-fe 

gxny g! £^ 2|*i fll^ai gj-ao|| 7HA|gc|-. 7H a I£! s||4=*|s.| ^7|#*Jo| «^Fr=j E|| 

=*o|| 2^ Si u-l MS (Bubbling) *cH y<M tHtt9 -M^IS*!, S*h4i ^N^IS^-N 3EAF*K*| 




_ _ ., . , _ . _ .. . _ , _ _ _ _ 

Si o)| cd-e^, #EHo)| b|§H y-S S^ti fEA^s^ £)•§■ 2.^ a)§§o S£ fll=r=#2| ^ItSf *Wt1 

4 SMI =I<H COD 30ppm om°.\ 4S #^a|^ ^ °(7t| @dK 



aasl HffPlffl ^^l^|o)| ate Hj|4* 
£ 2-b £ 1S| •feJAloflcXI [cl-a- B||4= *|a| §-x| 7|)&f 
£3S£ WS2| i=W ^JA|ol|o)| Jfl^ ©SS, 



S. 4£r £ 3S| ^A|0i|0)| c^S »*| 7H^f 



21...Q^Aj Hj-gs 22... u-lgg (Bubbling) &*l 
23...a*H^ 7H*r7| 24. ..§35 



^Ag/o/ &Affgf- gig 

s m^oii moi y s ^EHoiiAi sz[ai§ sa^m fli^gfii ^7i#s# ^iTisfe a*i-a ^4 §y a?KHi 

alWflB^flai ShBloll Srar Sole*. 

/4ojo| hj.^ z|S SE ()o| fl |^ 7 |. ^o| L |. £^A|?[JL SU°°=I, 3 £Bf £l-ffS| air ^titteS 

£J#2| a-E3# ElH.3., 3 S|:£SW7| fl|=^uH##lfx|| gs| z|# *||£a -f}*||7h 

n*sw, o|# m<^oi| cH» &op[ s\o\ n||4= *|a| »BJo| §§sf2 Si«n=l, o|# m^r 3t| sj ^eH^ 

fll^* s Soil ah ^ s«|, §g, <*n r #°| 7|&^oj g5m ams), a#sia *ia| eWI* #§H ^tra 

^ysjo S y-sHAH ^7|#Ho| E>o| fi-ftg sa^tl^ *flx|j^ §o| *(aj*H!r g^Se *W*|a|* «*«|- 

s|fla|(»^£'-l*Ha|)* «*rfc 3do| S#o|ch zl xHS-I gflae a,ima| afc*)|o)| °|*h ftfgSf 7H*|:n 

#7 1 Si ^7|2[ AfgsFoi fij|^#s| BOD, COD Si a£«!2J #SB r 7|Ef g==^ #1J# g*f,*ja ££ 

t ^^a|?h ^H|7H5(-^ £(-*^x-]a| g§§ 7H*icK o| m\ 5*WIS Ajo S - »aj 0 | a^se|d=|, fcfffl- 

¥-7|*afll£fe S*Ml2*|(FeCJg). tK*x|2ai (Fe 2 (S0 4 ) 3 ), #a|#A}*Hl2ij(Poly-Fe 2 (S0 4 ) 3 ) 5*1 ^|2Sg§ ^xfls. 
a- 3Jjzf oij^ii PAC(Poly Aluminium Chloride), PAS(Poly Aluminium Sulfate) #s| I^dIhI fi- 

2d §s| C (.ot«} # = 7( . Aj.oj ^x^oiiaH Ajq AhSE|zi a!cK 

1*r 2r^*Ha|o||AH BOD, COD Si ^|7H£#-£ 60% S£0|cH, c|-#°! 2*r ^SeJ *Ha|(# 

^SM*H&|)o)|ah un#sjS7|s x]s.\ °hcK ^#*f?i flais-a^- S7|^ £Efe- ^7|^| n|^## o|-g 

©(•OH ^7|#S« ^PH^ »ao|cK cl-eh 4S#ttfai flaiWIJE ull#sHS7|^s ^^sF7| oHsiS s^o|| 

- Ag^oj-sH *Ha|gSS emw-i- i£fe 2^ r sWxHal-l- SSrOio^ 

zieHui-, o|2^ S^H HJ-a-S- efg rtatfo| e>^i -a#*J-w *)a|o)| a|^]-o| o|)^ fl7l| iaslHS. hHS^^I^oII 
SSsfetll a|^h|£|. SSI ^&o| *>ifs| ^ £JSH. 0J^S| ^7|^-S ^iTHfifiS 5 

^-y gj-=.=^o| ^ s ?|go £ C0D 5o PP m# H-^SPI-c °H-¥- olEig- S^o|^ ( cH?l.j n o|«|-a| COD fe£ 
S y^cfe 3e 7H°| #7^*} ^JSo|cK 

oi£F im s^ia# sHas^i fl*r©i sie 0=1 en 7M #aoi be^ xi|ohs|ni aicK 

3 £l-7|-A| gwo£ SMd^l- SI §g^f§ A|-SS|.fe. gj-^ol Si£M, 0| gJ-^-E asi-SM €rS ^ 

S||a|7|^ »h^l Si° n: l, ^S£|fe- ^nl-aifE 100kGy/hr.^AH d(|^. ^21 ^-§Ho|| a|?J£ 4= 

A|?JS 2.5r»l gS| ^XHiaol ^iOi SJahSjo] H||^0|| aS°r^|0)|^ ¥*J&^^r. 

s£*h, th-s-sHa *7|#aoi a-*a ^ii^ai *he|oii s^a-aw *nai ^^oi s^sii a$ a-si-a 

#7|#So|| cut} a-Sr^-S- asi-^-i- i-^mi7| ^IsHaH rtasl-b «|-go| ^Aholl a| 

£r gJ-^Oll H|SH 2^ 5bH S£7h fi^ElN, ±7|2| =rS >H|7H &JL[ 0\9]0\\^r 0\ 0\&9\ S4f S0|A| ^Sfe 

a 01 sicF. 

*ie, tr-^sHa *7i*asi ^ithoii mcj a^aej g^j sa^i sia- a-aoi ^i°}Eini ^ck oi &asi eh> 
«i axfaa>§ ^a^m y-s-sHa ^itst s-aa-si- ee-^ -g-sHAi^ jhph^pi ^shah^. a^i-a ^a^ 



o|^oi|Ai ^go[ S*1|gss of^H E||^*|a|^°| g-^ SSf*ia|& ^ff 7]^o^ COD 50ppm 

S£« fllcHS S^-Ma ^ fflfe 50| cH^^o|o^, ^|^uH# 4|a|a| 7|ff*|o| COD 30ppm^l <f*5e 



4j-7i ^« ^-a 31-71 * us oil oh* a^hfl §j 2.^ a^N *i« aii^ai ^7i#soi ^ 

=r=oil 2^ §J b-jgg (Bubbling) 7h^» Mo| tfo) b-|#§ a^i^a], gxpAj 7 |^ 7 u-SS gxj-Ajg ^a^W 

Ai|7H^fe §]*!*im EM;» 3d* ^g£^ &ch 

0^|CH1AH Al-7| SXl-Aj El-Til Ol^Oil, a^| q|^o|| AP 7| Aja|. cr - a3 ^g #7|#S# ^g§g^|f 

¥£Jofe El^l; 3! ^7 1 jsii^chi Ah 7 | ^^§g^[Qi| s*j-a fM#3S §Slf^^1 ^3 7|-X|7« ©fe 

be-^, ai-71 gxi-Aj ^ El^l oisoi], m 7 | sn^oii ai-71 b||^lho| ^ 7 | SS g fi*t*fe ^a§U^ll ^p-SW-c- # 
Til; ^ ^7| g^Aj 3^ oi^oii, y 7 | sji^oii ^ 7 | ^<3%*mo\\ g^s] ^ 7 |#^# §3S£^ wp« ^3 

^# 7^x|^ sanHsa^ie ^^jefe ^ 

a^ 7 | ^§gxi|^ SE-b ^□l&a^J 30| H^^, AI-71 H#g ^7|, S^: ^ Ofs^ 

7^5 Sl-L-I- 0|A^ AjEij^O^ A|-§§^ S0| HW5|«W. 

o|sF, -g- US all :cF# S^Aj §J s.-^ |7[oj| s|fi ic|[=^^a| S-gf ^a-||^| ^i^^cK 

US Oil ^l^r^Bl US-B 7|^-Aj Ajxj-Aj 5EA1- El-Til S|- g S X-j| 7-| E[T||#- ^UloWl Q Ck 

a} 7 | S^l-Aj eIt|[ ~ m us^l ^9^-^, njl^MjcHI McH g-b ^&Hoi|A-i Sx|-Aj# ^l^^^l ^ 

7|#-# S-SH, EE-^ S}-^|-tJ-## t|7|| ^ oi - A^^o^ g^|7|^ EfT||0|cK ^ i ^JL[ S A(-Aj o| 

Af-J^B^ #A|CH| o|#e|-o4 JB||^#S| ^7|#SS XH|7H 7fe^j- ^eh^ EtTi|o|cK 

oi •EtTiioiiAHt s^Aj S A|-sh ^ mm Afg3fe ^^^i-tii ei^ ^iHHi-g# oi**k^ s^-y ^ 

A^AjBfjLl. AW ° Af-g-grnfo^^ §-g-o[ oto| Hj-gAH ^AHAj 7 [ JI, 0|#0| d|-A| A^£|^AH 

AJAh^l-Til 3fe Bf§§ £|#0| SJ- ^ °171| ^CK A|. 7 | S (. 71-- oJiHygS #B|SS Ol-BH^I- ^Jl, 0i7|0l|A-j £o|M ^4, 

§s| ^7|#^M^B^ ^S^S a^l^i Sa|^dk 

H 2 0 — > H, e aa -, OH, H 2 , H 2 0 2 SA^| ^|§H ^^H t»)H + 0 2 — H0 2 e aq ~ + 0 2 + H + — 

H0 2 RH + OH — > R + H 2 0R + 0 2 -> R00R00 + RH -> ROOH + RROO + R00 -> ROOR + 0 2 R00 + 0 3 — RO + 
H 2 O 2 R0 + RH -* RO + R^7|o| &%o\\M □^x|q- ^7[x\^ ^^(0 3 )o| ^7hS a^o||°J- <^o\^ ^ ^§^^1 BJ- 

goiai, mi a«H ygoiiAi^ afS7ws y-g^ s^i-b -^7i#^o| BfciiHRif xH>a^.K^^a«)^Tii gcK 

o|2|- ^o| Sxi-Ajom M&ti a^Mch ^7Wt ^^|a|^ #a|o|| ^^t} g^j^ ^Anu]-goi| ^7| 

#^oi| » {4s^o| Dg^. ^ohS ^ °iT|| QcK 

sa^ii^ E-Mife- aoi t^f- as 7feo}- se[)^ a^a ^7|#s# ^js^i^ x-n7^fe e.^io|dk 

^, S*t-Aj Aj^oi| o|aH A}^|-£|7HL.f #o[-xh^ aj. E |)o| sfth#^. BfiEII^^I ^7]#s#o| sgg^f 

OJOD^AH gaBj-g^ 7 ^ XjAjSM! a^K 

A^oj- hl^ & USOil CLF# 71-g-^o] AjA|gEH-^ ^e|7Hu|. g aha ^7|#So| USsfoi X-i|7H£|^ 

Ml a|^}o| E£o[ aa^I AH|7ia^ M ^ S17| ciH-^chI, b1I4=l-Hoi| SS^l-i- ^a^l-oi ^7|^-^#o| 

^0\J1 X-j|7-|S#« S^7F ^Tiia^K 



S. 1-8- & atS£| t)|.afxj & -ma|o1|o1| %\b\ g§£§ 14EI-LH ^o|Jl, £ 2fe- 30j| cc|-# n||^ *|£| ^*| 7^ 

£ 1011 ah ah I>o| g>gs| u^sifi Ajx|ofl^ gxftj S At e^l, EMI, Saimsa^HI *eiEMI 

a na^m a?n* ^ismi sick 

3*kd 2= At ej-^i fe. gfts «tat 2t#S B^. 

oi emioua-^ tj-g-sH^ #?i*aoi mwm m^* axta e*g3E(2i)oii Easts, a-7i axta bss(2uoii 

tHSU S*l(22)» iHSa 7t^# ail^i-KcHI «<H «cH hHMS^I^MI S^K o|nfl 2.£(o 

3 )« tnaa 7^^ summon ^asfoi #71 #7i#aai- g°s 4= sis^ st^t. %\^°\ m^ou j^a 

£^2t u-ISS tHjf (Bubble ^, 7|s)# m^* jaiehMfi _ *ixtAjo| ng^ a^si i§^o £ 

££fe ohs^ 7^ §01 Afsack -y^iai- #01 m^m tncs fli^aai- ^sai ^xis^ 44 

*is axta ?^7|(23)m¥N a«a axtae 4Pi mi^oii mec*. 3x^011 3iAia ^kmssis a#*t 
u ^ aoi ast ££-^ sia 7fe» seh.es. estsct. ^011 >h Tei=it- g^gsg*iiat &n s^v 

ewiej twit a^aoi m^on 33*11* *ej*toi ast se^- ssta 

HS« EM|0|Ch ^SJ A|7|fe SxfAj 3^ 0|^, B||^# Sja^(24)0)| £E8l*tfc 3f3#0|| ¥-8J«M= 3d 0| 

#a^[oi^so|i-h s>4^nifea# a>s*k=. ?aoi b^sj^cK ^.oja i^ianit a^a ej-thioji ah 

tim EE^Er Bite **f*hO=| *^F*f#4* §4!*^. 

°wat E.^i-b a-?i »aicH#sflioii gga aa£E(24)oiiAH aa,^i7HA|?i^ e*ioi 

=K o| El^l o|*o)|^ aaa #7|itSS^ #b-|a|^ x-ipHBlJl, *fa|^e> a# Sfe xHA^a^K 

"f2[ uFB«ia i lA |oi|o|| iHS, #BH°| g^assfe- ^op| cHBl^Si ^#4= 4=11 COD 50ppm 
o|*W i^S ^ je|ii|, §EH°| gfttlcHI a^aia COD 80ppm S£a| j^|^o)| 5j§|f a^o)|ir 
COD 30ppm o|*ha| 7|^g #^a|^ 

aui|s| #HH°| SF*fsi Xjs.\2.[ AJii-^sj ^sJHl 4»aj ppm SHS| C0D« ^ENfe S*|b|S fll^ «S 

e Jfll^ xwiai #7|#S tbx| ^1^=0)1 chs}o| SL^ S^t a^eHo||aH a^taS ?EM°W\ 50% oia^i 

^7t^ COD *l|7H S2t7t ^ajsitii act. o|ttH At§H|4^ a^ta £AW IfS 1kGy SSSAH dh^ us ^^olJl, g7t 

=it At^its a^ta s=A|.gsj 3 m . s^o| sxtAj lh°i jg^oiiei sshs 4= ai^- a£(sii^#a| 

af 2ppm0|a ^StSS, o|fe §5H2] £^ it*ta* A|§stfe aJ^°J fl|^fla|&a| SL^ A|§af 

oil u|sto^ =^aj «o| ^ S£S a-| dh^ axyajoicf. 

nau, ifesai A||a)|7t °^£|oi a^ta 2Ato|| s|=t a*ta| S^sA-i £S|e^ ^ £ 7t Soix|^ gat» y-7)| h|^ 
xH|x|a||^L.t ( xt^#EHo)|AHfe. sasixi #^o, ^7|#S# %^tl m^o\\ QHsyx-ife g^SSS^I* TSJ»t 

n EIS 10% S£S| ?7f» COD *I|7H S3t# 7tx^c|. 

fill, * ^t# ^xioii^AH g^jx-ii Jp-oi - Ai# uh9 m^^a| g§ £ 7Ffestct. 

£ 3-8 * Bi-gsl ch# Ajx|ol|o)| cct^ e||=^ *|a| SS£0|J1, £ 4fe- £E 3a| ^A|oi|o|| cc|^ x-ja| 7(|st t 3 ^ 
L-tEttt ?do|ct. 

£ 3011 * ^ga| ct# ^A|oi|t a^*t fJA|oi|£t #3*11 Et«l» fl^ 7Hx|^, axfa 2 At 

ttTiiat, saioiga^i ^ej Et^i si ija^i7H 7h*mi a^t. 

a-7i ^-oj a7flfe ^7i#soi e#a m^t axta ^ss(2i)c»i s^jst^ atsoiiAH s°ja- 



c|-#2| gxHM sa|- EWIfe SMi tdl-ifsjt!- -fei^|oi|o]|AH ^o|, <d&mg ^7|#sjo| 31 4= # a*|-fcj 

2(21)011 JESSHEl, <y-7| Sxl-Aj ehS3E(2i )CHI Mffi S-*|(22)» #§H 2S Si tHSU 7^# fll ^ M| o|| £CH 

<g&\ D||^S tHSS^I^MI S^. fll^sl lH^o)| ^-°JS a-gaf tHgg 7^-b u-|#(Bubble ^, 7|S)# f^sW n 

53*1, EII^SSF ?J^« ^x|sn*| -y-^-OI *d*|£J SxHM 7(-^7|s(23)-?-&l IHilS ax(-£j# aj-7| H||^ch| =EM 

SI-CK gx|-A1CH| ^A|.s| B||4=#2| ^7|#^S H[2t ^0| £h2* ijS 7^«h gEHS. HSfSl^ D|B| fSS 

c^s twit a*ki o]^n^t aa^(24)oii sgjsfe ^gg-on sai&iss^i* *si*h= emioiji, awat 

EMIte ^7 1 ^BSel^St ££|tH §3*11011 ^7|#SSS Sa3E(24)o)|Ai §ja ,*I|7H a|?|^ Ef7)|0|^. o| ^ 

tHH|s| AUi|t> MISS- SMH Hhasifi- -yA]o4|oi|AifflF ac+. 

oi si- e- a^ysi -^Aioiit a#m u Hf^^ ^mmm ui*h cod *\w &mo\ q=?j ^-e s-soi ^214, 
assjui* n|ai fasss a^a sfss7h tj^i assife- as 01 o JcK n 0)a | 2 | a#s . u^sie- 

= A l cH|o)| a-) 2|- sa|*hct. 



o|^o)| ah fcj(-s(- ^o|, g. ^-goii n|-g a||4=xHa| ygj-E a^ha ^a|-o)| °|& gj-gjif 2^ a^FS-s 

E|cH COD 30ppm o|aha| 7)5# #^A|a ^ Si^ S^7|- 2l^K 

(57)S?-S>I 

^7|#^o| ^|4=o|| 3! m«§ (Bubbling) 7^# So-J yoj tH#H A|?|ojAH, gx|-Ad 7^7|s^&| ^ 

^7 1 a}^|. ^7i#s« aaA|?i xh|7h^ asxHi7H iifsfu 3ds axF-id 2SA^ 

si a^ S7WI sitmi^*iai arei. 

n sio^A^ l 

^7 1 £jX|~£j ^Af EtTfl Ol^Oll, ^7| S||^0f| gfj^j ^7|#^# S^Sfe i^S§?j^l* Tfl^fe 

^7 1 q|^o|| S^SSS^Ichi ^7|#S§ uu^ §ja 7hx|»| sfe 

¥SJSfe dj s?f«fe 5i§ sHir a^a 2A|- §y 2? ^ 7W | s| & fll 4= x-l a] 

^ 1«o|| 9io]M, 

-y7i ax^ =£ A f oigo«, ^7i ^114=^21 ^7i^ss ^s§s^!f t^i; a 

^7| SX(-Aj E.MI 0|*0)|, AJ-7| ^1^0)1 ^7| ^^Sa^|0)| §Sj-£| ^7|gS« &° S^i ^3 

^1 2» fll 3tW| SioHAi, 

^7 1 ^¥°ltesei a§ a^a % 2S ^leJ-^l^x-lai g^a. 



4=PI tHMS 7|-^-b Hrfc §y oi-s.5 oi^oi*! 3 §oj|ah ah bis z\o]sl *m 2 | 7^°! 3d# si- 
te 3*kd £EA|- §y 2.^ s 7 l-oii a|S- nilgai 
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